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Background: Remote teaching and online learning have significantly changed the

responsiveness and accessibility after the COVID-19 pandemic. Disaster medicine

(DM) has recently gained prominence as a critical issue due to the high frequency

of worldwide disasters, especially in 2021. The new artificial intelligence (AI)-

enhanced technologies and concepts have recently progressed in DM education.

Objectives: The aim of this article is to familiarize the reader with the remote

technologies that have been developed and used in DM education over the past

20 years.

Literature scoping reviews: Mobile edge computing (MEC), unmanned aerial

vehicles (UAVs)/drones, deep learning (DL), and visual reality stimulation, e.g.,

head-mounted display (HMD), are selected as promising and inspiring designs in

DM education.

Methods: We performed a comprehensive review of the literature on the remote

technologies applied in DMpedagogy formedical, nursing, and social work, aswell

as other health discipline students, e.g., paramedics. Databases including PubMed

(MEDLINE), ISI Web of Science (WOS), EBSCO (EBSCO Essentials), Embase (EMB),

and Scopuswere used. The sourced results were recorded in a Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart and followed

in accordance with the PRISMA extension Scoping Review checklist. We included

peer-reviewed articles, Epubs (electronic publications such as databases), and

proceedings written in English. VOSviewer for related keywords extracted from

review articles presented as a tabular summary to demonstrate their occurrence

and connections among these DM education articles from 2000 to 2022.

Results: A total of 1,080 research articles on remote technologies in DM

were initially reviewed. After exclusion, 64 articles were included in our

review. Emergency remote teaching/learning education, remote learning, online

learning/teaching, and blended learning are the most frequently used keywords.

As new remote technologies used in emergencies become more advanced, DM

pedagogy is facing more complex problems.

Discussions: Artificial intelligence-enhanced remote technologies promote

learning incentives for medical undergraduate students or graduate professionals,
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but the e�cacy of learning quality remains uncertain. More blended AI-modulating

pedagogies in DM education could be increasingly important in the future.

More sophisticated evaluation and assessment are needed to implement carefully

considered designs for e�ective DM education.

KEYWORDS

remote learning, remote technology, AI pedagogical approach, disaster medicine (DM),

mobile edge computing (MEC), head-mounted display (HMD)

Introduction

The emerging evolution of remote technology in disasters
has been developed in a multidisciplinary manner and has
progressed tremendously in completely different settings, e.g., the
COVID-19 pandemic and armed conflicts (1–4). The pandemic
has changed the paradigm of traditional face-to-face classroom
education and contributed to technology-driven pedagogies such
as digital transformations and distance learning through hybrid
telecommunications (5–7). The changes are not only affecting
postsecondary student pedagogies in developed countries but also
in developing countries such as the Southern African Customs
Union (SACU) (8–10).

Over the last 20 years, the occurrence, impact magnitude,
and economic loss from disasters have increased significantly and
show an upward trend worldwide (11). According to the 2022
Disasters Year in Review (Emergency Event Database, EM-DAT),
published by the Center for Research on the Epidemiology of
Disasters (CRED), the category natural hazards, e.g., flood, storm,

and earthquake, had dominated the major events of 2021, and
the annual occurrence records are higher than those for the
period covering 2001–2020. A total of 432 catastrophic events were
recorded in 2021, which is significantly higher than the average
of 357 annual catastrophic events for the 2001–2020 average. The
catastrophic events of 2021 increased significantly compared to the
previous two decades and resulted in extensive economic losses
(Supplementary Data). In 2021, the disastrous events accounted
for 10,492 deaths, 101.8 million people affected, and 252.1 billion

Abbreviations: COVID-19, coronavirus disease 2019; DM, disaster medicine;

AI, artificial intelligence; MEC, mobile edge computing; UAVs, unmanned

aerial vehicles; DL, deep learning; HMD, head-mounted display; EM-

DAT, emergency event database; CRED, Center for Research on the

Epidemiology of Disasters; IoT, Internet of Things; WPC, wirelessly powered

communication; CBRN, chemical, biological, radiological, and nuclear;

VR/AR/MR, virtual/augmented/mixed reality; XR, extended reality; GNSS,

global navigation satellite system; CC, cloud computing; MCIs, mass casualty

incidents; ML, machine learning; CNN, convolutional neural network; SVM,

support-vector machine; ELITE-DR, E-learning in teaching emergency

disaster response; DRR, Disaster risk reduction; FL, federated learning; FedTL,

federated transfer learning; VRS, virtual reality simulation; SG, serious game;

DRM, disaster risk management; InfoVis, information visualization; CQI,

continuous quality improvement; Ue-WPIoT, UAV-enabledwireless powering

IoT;WSNs,Wireless sensor networks; CS, crowd-sourcing; IoTEWS, IoT-based

early warning system; IoE, Internet of Everything; IoNT, Internet of Nano

Things; MOOCs, massive open online courses.

USD in economic losses (12). Asia, especially China and India,
remain the most severely impacted countries and has nearly half
of the total number of mortalities and 66% of the total wounded.
Northern America, especially the US, was severely affected by
floods, storms, and the COVID-19 pandemic in 2021, which
led to extensive economic losses of up to 112.5 billion USD.
Furthermore, Europe was affected by unexpected cold and heat
waves in 2021. The severe cold in France in April and wildfires
in the Mediterranean regions (Algeria, Bulgaria, Cyprus, Greece,
Italy, Macedonia, Tunisia, and Turkey) during the summer caused
substantial agricultural damage with devastating consequences
(13). The need for disaster medicine education to adequately
prepare undergraduate students or graduate professionals for these
kinds of disasters will require novel technologies, as well as
traditional ones, to meet this challenge.

Due to the advent of artificial intelligence (AI) that relies on
big data and the proliferation of the Internet of Things (IoT)
for universal applications, e.g., smartphones, smart industries,
and smart healthcare, wirelessly powered communication (WPC)
devices and distant healthcare delivery systems are booming (14,
15). Mobile edge computing (MEC), a recently developed concept
since 2014, is an emergent architecture where cloud computing
services are extended to the edge of networks leveraging mobile
base station (16). Edge computing refers to a broad set of techniques
designed to move computing and storage out of the remote cloud
(public or private) and closer to the source of data (17), i.e.,
the computing resources could be sent to the network’s edge
nearby the end-mobile devices (18). The MEC could not only
efficiently perform emergency computational tasks but also provide
advanced, realistic DM training. For example, unmanned aerial
vehicles (UAVs) are deployed as flying IoT base stations (UAV-
enabled sensors network) in order to enhance communication
coverage and facilitate real-time data in the affected areas after
disasters (19, 20). UAVs equipped with sensors have versatile
uses from detecting toxic pollution to providing a 3-D realistic
simulation to enabling an education scenario for first responders in
disasters (21). Moreover, these UAVs equipped with miniaturized
sensors could also support special missions such as sampling and
identification of chemical, biological, radiological, and nuclear
(CBRN) events for either civilian organizations or military forces
(e.g., NATO Defense Alliance) (22). The significant technological
development in mission-oriented UAVs could not only perform
detection, identification, and monitoring of CBRN events in
affected areas but could also be used as a useful tool for offering
postgraduate courses in CBRN protection (22). Digital devices
have transformed from “networked computers for collaborative
learning” in the 1997–2006 period to “online digital learning” in
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the 2007–2016 period (23, 24). By using a high-fidelity immersive
head-mounted device (HMD) designed by virtual/augmented
reality (VR/AR) or newly developed mixed reality (MR)/HoloLens
technology, along with disaster risk big data, we can easily
build more comprehensive scenarios and learning models for
trainees while facing disasters (25). The AI-enhanced training
platform is a feasible alternative for undergraduate medical
students, professionals, or ordinary people to be familiar with
pre-emergency preparedness, disaster assessment, or emergency
response/evacuation in simulated settings rather than dangerous
environments, e.g., fire, pandemic, earthquake, or toxic situations
(26, 27). The HMD-based teaching tools were found to be more
effective and viable than other digital devices in medical education
(28). Extended reality (XR)-basedHMDutilizes the concepts of AR,
VR, and MR and could provide more beneficial effects on medical
skills and knowledge in medical training (29).

Even though the immersive HMD could make it easier to come
up with a new and interesting way for medical students to learn, the
DM curriculum should be implemented using an evidence-based,
multi-modal approach because training programs do not give
students enough opportunities to do cooperative activities, group
work, and social interaction at the same time (30). We will discuss
HMD-based immersive VR (IVR) in DM education regarding new
developments, training efficacies, and how participants value their
experience with these technologies.

An extensive literature review was conducted in order to
provide a cutting-edge evaluation of the development of medical
school students’ or health professionals’ learning by using remote
technologies in facing disasters or emergencies. This review
checked different remote learning systems under development, the
teaching effects of different applications, and the possible changes
in the pedagogy of DM that could materialize in the future.
This review focuses on the newly developed technologies applied
in DM education and training programs for medical and other
undergraduate students. The four specific queries are as follows:

1. What kinds of newly remote technologies have been
developed in DM and DM education?

2. What are the related articles or keywords described in the field
of DM education in recent years?

3. Could remote technologies adopted in learning pedagogies
and training programs for medical staff improve
their capabilities?

4. What future objectives will new DM learning attain or strive
for?

Research methodology

Searching strategies and inclusion and
exclusion criteria

Five major electronic databases, including PubMed database
(MEDLINE), ISI Web of Science (WOS), EBSCO Essentials
(EBSCO), EMBASE (EMB), and Scopus, from 1 January 2000 to
15 May 2022 were compiled in our review. All articles were from
the Science Citation Index (SCI) and Social Science Citation Index
(SSCI) databases. After the literature was reviewed, we obtained the

related keywords with the high number of occurrences as queries
with the following terms: remote technology (6, 31, 32); remote

learning (6, 31, 33); online learning or teaching (7, 10); emergency

or disaster response (34, 35); disaster medicine education (30, 36);
blended learning (37–39); mobile edge computing (20, 40); virtual
or augmented reality (23, 25, 41, 42); drone (14, 20, 43); machine

learning (44, 45); deep learning (46, 47); and federated learning

(48, 49). Similar articles included in references were also screened.
The inclusion criteria were reports or peer-reviewed studies of
education and training programs, which were focused on any
kind of disaster or emergency such as medical, nursing, pharmacy,
social work, or paramedical science, and also for other hospital
staffs such as administrators; and peer-reviewed studies, accepted
articles for publication, e.g., electronic publications (Epubs), and
proceedings which were written in English. Two of our coauthors
screened the abstracts for potential articles, and the full texts
were checked in detail to decide whether they correlated with our
eligibility criteria or not. The exclusion criteria were conference
abstracts, unpublished manuscripts, and whitepapers available
online; non-medical issues such as industrial or geoengineering
planning or projects; articles not published in English; and articles
on disaster medicine but do not mention specific education or
training programs.

Data collection and bibliometric analysis

Information visualization (InfoVis) is a visual representation
technique utilizing data from abstracts to allow researchers
to quickly analyze and understand the huge amount of
multidimensional data produced in emergencies (50). Bibliometrics
is an InfoVis analysis that quantitatively and qualitatively evaluates
citations to scientific publications by constructing and mapping
citation graphs to a network representation (51–53). The
VOSviewer is the most common tool specifically designed for
constructing and visualizing research trends and the maps of
co-occurrence keywords in health-related literature on natural
disasters or epidemic outbreaks (54–56). The software generates
network and cluster visualizations of the data, which can be useful
in identifying patterns and relationships among the keywords,
including the titles and abstracts of reviewed articles. Cluster
Density Visualization is a vivid demonstration of the dataset, and
the software will automatically be grouped in clusters according
to those related keywords. High densities of connections among
the keywords within a cluster will indicate that those keywords
are highly related, while low densities of connections show that
the keywords are less related. This representation provides a way
to identify and explore the relationships between different groups
of keywords. We used VOSviewer (v.1.6.18, 2022) to analyze the
keywords from the semantic contents we retrieved from PubMed
(reference). The keywords included “remote technology AND
disaster education,” “remote learning AND disaster medicine
education,” “remote learning experience AND disaster medicine
education,” “remote system AND disaster medicine education,”
“mobile edge computing AND disaster medicine education,”
“virtual /augmented reality AND disaster medicine education,”
“drone AND disaster medicine education,” and “machine learning
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AND disaster medicine education.” VOSviewer maps the keywords
according to the frequencies and the co-occurrences. According
to the circle size which is proportional to the frequencies of the
keywords, we chose the remote technology-relevant keywords.

Results

Searching process

The Preferred Reporting Items for Systematic Reviews Analysis
and Meta-Analyses (PRISMA) charting and PRISMA extension
for Scoping Reviews (PRISMA-ScR) statement were adopted in
the flow of the literature search process (57, 58). In the first,
1080 relevant articles were screened from the databases: 402 from
MEDLINE, 250 fromWOS, 150 from EBSCO, 134 from EMB, and
144 from Scopus (Figure 1).

Duplicated publications from different databases were checked
by two of our authors manually. After duplicates were removed,
450 articles were assessed for eligibility. A further 410 articles were
excluded due to failure to correlate with our stated criteria. We
added the extended articles, which have been highly cited by other
websites (e.g., Google) but were not shown in our previous search
of databases (i.e., 24 articles extended). All of the 64 articles in the
online electronic databases that were published in peer-reviewed
journals are considered to be reliable.

The changes in DM education (blended
learning)

The “hybrid/blended learning” (technology-enhanced learning,
problem-based learning, table-top exercise, and computerized
simulations) (59, 60) core curriculum focusing on different kinds of
disaster scenarios, either in-hospital (e.g., contaminated victims) or
out-hospital events (e.g., landslides, floods, and earthquakes), has
been implemented in a variety of DM applications and delivered
to undergraduate medical or paramedic students in order to
improve their disaster preparedness knowledge and the capabilities
of prehospital disaster management (36, 37, 61).

The advent of remote technologies in DM
education or training program

Many related state-of-the-art technologies have been integrated
into disaster rescue, risk management, epidemic tackling, and
remote learning and education (19, 31, 33, 43, 62–64). We reviewed
three major categories of distance learning design in DM education
and we discuss them in detail below.

E�cient MEC technologies for DM training
and education

The emergence of computation-intensive applications such
as MEC devices could provide wide spatial coverage in affected
areas during disasters and could perform emergency computational

tasks in civil and military areas, which significantly improve post-
disaster management (18, 19, 65). The MEC technologies such
as webcam/photo-realistic 3-D model imagery capture (66, 67),
intelligent wearablemedical equipment (point-of-care sonography)
(68), robotics (69), and social media (70–72) have all been shown to
be beneficial in a variety of emergencies.

For instance, flying UAVs/drones integrated with a MEC server
(UAV-enabled MEC), in conjunction with the Global Navigation
Satellite System (GNSS), real-time computer vision, and advanced
photogrammetric techniques (including deep learning algorithms),
could enable first responders to obtain accurate 3-D imagery of
affected areas via cloud computing (CC) and aid in the rapid
identification of victims (73, 74). Not only could drones be used in
disaster mapping for search and rescue operations but also could
provide an excellent resource for training paramedic students in
mass casualty incidents (MCIs) (75). In addition, 80% of nursing
students in the Emergency NursingMaster program at the Catholic
University of Murcia (UCAM) reported a significant improvement
in their self-perception and performance in the MCI simulation
with the assistance of drones (76).

Machine learning applied in DM education
Machine learning (ML) algorithms, such as the evidence-

based medicine (EBM) movement, have become a powerful
prediction tool ranging from clinical diagnosis to enhancing
desired healthy behaviors (77). The medical school curriculum
as well as the postgraduate medical education within academic
hospitals around the world are facing the challenges of this AI-
driven data science revolution (78). Among them, deep learning
(DL) was developed from traditional ML techniques and provides
more accurate classifications and predictions in disasters, e.g., as
victims’ detection, image segmentation, and medical information
processing, due to powerful computing capacity and the high
availability of large datasets (79–81). For example, DL trains a
system to filter the digital images and to aid in the prediction
of whether a corresponding patient is infected with COVID-
19 or not (82). In addition, using convolutional neural network
(CNN) technology, a radiologist in a remote area may determine
whether a patient’s lung is impacted by COVID-19 using chest
X-ray images (83, 84). CNN is the most established algorithm
among various DL models, which is an artificial neural network
dominant in computer vision tasks by stacking mathematical layer
operations, i.e., convolution (83). Innovative digital technologies
were found to boost AI detection performance during the COVID-
19 pandemic while also enhancing learning models for medical
professionals in disease diagnosis (46, 47, 85). DL could also detect
and identify large amounts of data from social media messages
(urgent and not urgent tweets) during a disaster and confirmed a
high efficacy in detecting urgent tweets during hurricanes, based
on a combined CNN, trained on average word embedding, and
support-vector machine (SVM), trained on full word embedding
(71). DL not only provides a modern computational platform and
automated medical practice but also refers to a comprehensive
human learning approach and has been integrated into medical
education (86). E-learning in teaching emergency disaster response
(ELITE-DR) among undergraduate medical students could provide
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FIGURE 1

Flow of the literature search process (PRISMA chart)).
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comprehensive levels of cognitive concepts and visual stimuli
for disaster response medicine (87). However, surveys reveal few
formal teaching programs incorporated into medical education
about AI/ML, whether in Europe, theUS, or even inAsian countries
(88–91). For example, 66.5% of final year medical school students
in Ireland reported zero hours of teaching on AI/ML during their
degree, 43.4% had not heard of the term “machine learning,” and
80.6% had not read any academic journal articles on AI/ML (44).

The applications of AI, ML, and DL have been widely
introduced and developed for disaster management, i.e., in
the aspects of hazard prediction, vulnerability assessment,
disaster early warning systems, disaster monitoring, damage
assessment, and post-disaster response (92). The preparedness
for disaster risk reduction (DRR) (93) and the training on AI for
disaster management (94) are important teaching models and
could improve first responders’ capability while facing different
catastrophes. Federated Learning (FL) approach, a de-centralized
data collection technique, generates more robust models without
sharing data in a central server and enables collaborative training
of multiple MECs (e.g., UAVs) locally (48, 95). FL trains at
distributed MEC devices to offload data in order to reduce the data
crowdsensing, delay transmission, and also protect IoT application
privacy (96). FL could prove a more effective training model in
disaster scenarios due to massive irrelevant data and a high flow
of scalable IoT networks while in disasters. The privacy-preserved
federated transfer learning (FedTL) approach could also provide
and verify a real disaster image dataset collected from distributed
social computing nodes (97). The new-developed FL model will
give both AI and humans (e.g., first responders) a sophisticated
training course and achieve better performance for the medical
image learning model (98).

HMD-IVR devices applied in DM education
Virtual reality simulation (VRS) technology is widely used and

it seems to be a viable training alternative in different disciplines,
e.g., a simulation realistically of different hospital disaster scenarios,
which could provide positive effects of confidence and necessary
knowledge acquisition for healthcare professionals in hospital
(99). Due to the features of reproducibility and repeatability
of VRS, the newly developed technology could also improve
CBRN training courses for both military and civilian responders
to CBRN events (VERTIgO project) (100). VR delivers virtual
scenarios and combines with multi-source data, 360 degrees
video, and intuitive interaction interfaces to facilitate quality
interprofessional education (101, 102). The so-called “Just-in-
time” training programs could offer effective personal preparation
and resiliency by enhancing responders’ situational awareness in
critical overloading situations, e.g., in the COVID-19 pandemic
(103). Furthermore, the serious game (SG), one of the popularly
used game genres nowadays, combines practical aspects with
original amusement but is implemented for health or medical
education (non-entertain) purposes (104). SG has been applied
in improving medical technical skills such as laparoscopic
surgery or arthroscopic intervention for postgraduate residency
training in medical settings (105, 106). Disaster risk management
(DRM)-related SG/simulation also provides a good educational

and engagement tool for affected communities, policy-makers,
and other vulnerable population (107). The SGs/simulations,
with the realistically simulating disaster reality, offer assistance
especially in the realm of disaster risk awareness raising,
identifying hazards, undertaking preventive actions, empathy
triggering, and perspective-taking (107). Moreover, 3-D video
capture HMDs provide a more interesting way to interact
and contribute to positive feedback responses from children,
which are also vulnerable groups in disaster and public health
emergencies (108, 109). Although the VRS technology shows
a higher learning atmosphere, comprehensibility, and overall
recommendation of teaching courses than those with a non-
immersive screen (110), some articles showed conflicting results
on VR HMD benefits or even no benefits at all (111, 112).
Among them, technology limitations (surgical training), usability
challenges (less powerful hardware), cybersickness, and limited
participants’ induced questionable assessment were potential
limitations (113).

Bibliometric analysis for articles reviewed

By analyzing with VOSviewer, we obtained the co-occurrence
MeSH keywords mapped as shown with Network and Cluster
Density Visualization of the retrieved title and abstract (Figure 2).
In the network visualization figure (Figure 2), the size of
the circle is proportionate to the frequency of the keywords,
and larger circles at keywords mean that they appear more
frequently in the dataset. The keywords are categorized into six
clusters according to the highly related connection. “COVID-
19” classified in cluster 6, is correlated with the keywords
“online learning,” “online teaching,” “remote learning,” and
“remote teaching” in cluster 1. The keyword “medical education”
classified in cluster 4 also has the same correlation with
the keywords “online learning,” “online teaching,” “remote
learning,” and “remote teaching” in cluster 1. The keywords were
classified automatically into six clusters and are presented in
Table 1.

Publication trends demonstrated by
VOSviewer

Figure 3 presents the study trend as it varied from 2010 to
the present. Early in 2020, the remote equipment applied to
emergency management was studied. Then, the research target
moved to telemedicine and remote sensing technology with the
flourishing development of communication technology. While
COVID-19 outbreaks had occurred by the end of 2019, the
keywords “emergency remote teaching,” “remote learning,” “online
learning,” “emergency remote learning,” “blended learning,” and
“emergency remote education” mirror the global education remote
technology methods that were necessitated to educate the students
and to keep safe social distances. Based on the correlation, it seems
that people did a lot of studies related to education while they were
isolated during the COVID-19 pandemic.
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FIGURE 2

The network visualization figure of the screened keywords.

TABLE 1 Keywords classified as six clusters by VOSviewer.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Blended learning Artificial intelligence Coronavirus Augmented reality Challenges COVID-19

COVID-19 Cardiac rehabilitation e-learning Critical care COVID-19 Emergency remote education

COVID-19 pandemic e-health Education Digital health Emergency remote learning Medical informatics

Distance education Internet Emergency medicine Healthcare Engagement Online education

Emergency remote teaching Machine learning Public health Medical education Higher education Remote care

Online learning Mental health Remote sensing Nursing Pedagogy Telemedicine

Online teaching M-health Simulation Nursing education Undergraduate Ultrasound

Pandemic Mobile applications Telehealth Virtual reality

Remote learning Mobile health Tele-simulation

Remote teaching Mobile phone

Teachers Multidisciplinary

Teaching Qualitative research

Technology Smartphone

Future education models proposed by
AI-integrated platform

Figure 4 shows the current application technology and the
future trend of DM education. Using UAVs and photography
equipment to obtain real disaster scenes and recreating them using
VRS technologies, such as VR, AR, and MR technologies can

provide students with a more authentic learning experience. These
technologies can be used to simulate real-world scenarios and
provide a more immersive experience, which can help students
better understand and prepare for potential disasters.

Big data analysis and advanced AI technologies, such as
deep learning and federated learning, can also be used in
disaster management education. For example, these technologies
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FIGURE 3

The variation of the screened keywords changed with time.

FIGURE 4

The integration of real-world scenarios with artificial intelligence technologies initiates disaster medicine remote learning (Future Education Models).
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can be used to analyze large amounts of data from past
disasters and identify patterns and trends that can inform
future disaster management strategies. They can also be used
to develop more accurate simulations and prediction models,
which can be used to train students and prepare them for
real-world scenarios.

Integrating and applying these new technologies can also
enable new educational models, such as remote learning and
online teaching, which can increase access to disaster management
education and make it more convenient and flexible for students.
Overall, the use of technology in disaster management education
can significantly enhance students’ learning experiences and
prepare them more effectively for real-world scenarios.

Discussion

Blended learning in DM education has been implemented
significantly by undergraduate medical or paramedic students
and applied widely by clinical professionals. The occurrence of
the COVID-19 global epidemic has significantly precipitated the
progress and implementation of integrated hybrid (including
station rotation, simulation, and distance models) learning in
higher education and also in DM education (30, 39). Implementing
special epidemic training for medical students, such as COVID-19
pandemic simulated programs, could significantly improve their
preparedness, knowledge, and skills when dealing with emerging
infectious diseases (114). The use of IoT, social media, UAVs,
and advanced machine learning is not only engaging in rapid
response, management, and risk reduction in disasters (DRR; e.g.,
Sendai Framework for Disaster Risk Reduction 2015–2030) but also
stressing the important governance challenge of multidisciplinary,
transdisciplinary, and interdisciplinary teaching courses on DRR
implemented in many universities (115). The remote e-learning
DM programs appear to be a crucial concern, and medical schools
in vulnerable regions such as Asian countries or low- and middle-
income countries, as we previously indicated, need to continue
teaching emergency medicine (10, 33). The inability of these
countries to afford state-of-the-art technologies (such as VRS-VR
or AR) or to have a convenient AI network prevents medical
students from using AI to further medical education. In addition
to multidisciplinary approaches used in DRR, more inclusive
curricula, a theoretical emphasis, a field orientation, and skill
development appear to be essential for higher education. However,
due to the popularity of AI-enhanced remote learning modalities
among medical school students, it is important for faculty to be
well-versed in online learning techniques, e-Learning tools, and
cutting-edge technology (such as HoloLens) before classes. The
new disruptive technologies based on integrated AI, big data,
blockchain, and VR/AR could enrich teaching formats and provide
broader guidance for faculty resource allocation in pedagogical
methods (19, 115). Our review focuses on the application of remote
technology in DM education rather than discussing the educational
methods or content of different trainee levels. However, strict
quality assurance methods (such as Quality Matters) (116) and
continuous quality improvement (CQI) should be closely observed
to enable faculty to quickly adjust to changes under the guidance of
well-defined implementation plans (115).

We evaluated UAV-enabled MEC with 3-D imagery and found
it useful for a variety of detection techniques in remote or disaster
rescue operations. However, some restraints on the UAV during
operations exist, e.g., the huge operational expenditure to maintain
its infrastructural nodes or battery endurance for longer aerial
communication. A “UAV-enabled wireless powering IoT” (Ue-
WPIoT) with smart trajectory information of UAVs and an AI-deep
learning model was developed to overcome the limitations and
was designed for the consideration of more lightweight UAVs (14).
The improvement of Ue-WPIoT could allow trainees more time to
become familiar with the new device and fulfill the IoT wireless
function in the air. In addition, a new system called the Aerial
Remote Triage System has changed howMCI triage is usually done
so that life-saving interventions and transportation can happen
more quickly (117).

With the development of telecommunication technology, the
fifth generation (5G) remote network significantly increased the
band and the speed of data transmission, which was very helpful for
long-distance medical diagnosis. In the field of DM, telemedicine
benefited from remote devices related to research that were
popular before the pandemic COVID-19. Remote learning-related
research became the hottest study topic for conducting medical
education corresponding to the COVID-19 isolation policy. Based
on the well-established communication infrastructure and rapidly
progressing telecommunication technology, we anticipate that
future research will focus on the application of wearable devices
in fields such as medical care and monitoring, educational
instruments, and emergency rescue training programs.

The Internet of Things has been formulated to establish
wireless sensor networks, AI-enhanced monitoring, and smart
embedded devices (ex. in UAVs) to facilitate crowd-sourcing
(CS) communication, IoT-based Early Warning System (IoTEWS),
efficient victim localization (RFID tag and topology preserving
maps), data analytics, and knowledge aggregation (effective data
mining of collected big data) in disaster management (118, 119).
Moreover, the concept of the Internet of Everything (IoE) or
even the Internet of Nano Things (IoNT) was built to account
for everything that could be connected to the Internet, i.e.,
it facilitated the connections among people, processes, data,
and things (“four pillars”). The IoE provides the potential to
analyze millions of connected sensors’ data in order to aid
automated- and people-based processes. The application of IoE
could provide a remote platform by the expansion of CC to
connect “everything” online with the implementation of machine-
to-machine (M2M), machine-to-people (M2P), and people-to-
people (P2P) (120). The concept of IoNT is being extended from
IoE to achieve nanoscale networks by embedding nanosensors
in diverse objects such as wearable medical devices and by
connecting conventional microsensors to nanonetworks (121).
Using nanodevices embedded in the environment and medical
equipment, the IoNT supports computing for end users to
improve in-time data monitoring and early disease diagnosis.
Moreover, the IoT could provide positive implications for
computer science education by reshaping web programming,
tremendous excitement from online teaching, and real-world
sensing applications, performed by UK Open University according
to IoT principles in remote lessons for more than 2000 students in
2012 (120, 122).
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Our review indicates that the newly emergent information
technologies, including IoT, Big Data, social media, and machine
learning, could facilitate DM tasks in visualizing, analyzing, and
predicting disasters and improve the resilience of communities
(123–125). Using Big Data Analytics tools and social media data
mining (e.g., large-scale satellite imagery data mining) could
empower all sectors, from citizens to community, government to
non-government organizations, effective remote communication
networks, and knowledge graphs. Remote technologies could also
provide an integrated conceptual approach to higher education,
such as in massive open online courses (MOOCs) or Flipped
Classroom (126, 127). However, the AI innovation in DM
education programs did not turn out as planned (44, 89, 128). To
address the various ways in which medical students and instructors
learn and receive feedback from customized lessons, more AI-
guided learning pathways need to be developed. Furthermore,
assessing the effectiveness of AI teaching modality and their
progress in AI technologies, such as IVR, also require AI-mediated
pathways (129).

As previously stated, immersive HMDs have many beneficial
potentials in disaster scenarios, and there has been a lot of
research interest in DM education program applications (23). VRS
technologies, especially VR devices, are widely incorporated into
education, teaching, and training in various application domains.
VRs are useful for many aspects of “soft” skills acquisition, such
as cognitive skills, spatial and visual information, visual scanning
or observational skills, and affective skills related to controlling
emotional responses to stressful or difficult situations (130).
Moreover, VR, MR, or HoloLens, via visualizing 3D anatomies,
could provide medical training programs, such as surgical
technique, catheter placement, or cardiopulmonary resuscitation
(131–133). The VRS technologies can also create disaster scenarios
based on real-world events, and inexperienced students could
learn the details of disaster response without being in dangerous
situations. Although many authors treated VR or HoloLens as
promising learning tools for higher education, only some design-
oriented studies based on systematic target theories are constructed
(23). Although the procedure- or practice-oriented content, i.e.,
realistic surrounding teaching environments, made HMDs more
exciting and appealing, the actual usability and performance of
students using HMDs remained primarily experimental. Only 2.6%
of a scoping review study revealed that conceptual frameworks
or theories were designed in medical students’ VR education
(131). Finally, when considering the use of HMDs, we should
consider what goals are attainable with them, which technologies
are predisposed to incorporate them, and what steps are required
to implement them. Although most participants enjoyed and
engaged in these novel techniques, realistic HMDs could not
replace traditional methods for providing curriculum content
in a short time (42). However, with the improvement of new
HMD technologies, the wide-range web capacity, cybersickness-
prevented design, and cordless HMDs, the new learning modalities
will gradually reduce the technological limitations and make the
new learning modalities more popular in the future.

We presented the visualized graph drawn by VOSviewer to
stress the connection between various keywords, which mirrored
the popular study fields and the progress changing with time.
However, we have to point out that VOSviewer could not integrate
the search results from different databases. The visualized graph

was drawn from the literature searched on either PubMed or WES
websites. Other limitations are the optionmethods of VOSviewer to
draw the graph, which can affect the visualized result. For example,
choosing the keywords defined by the author or MeSH keywords
can result in a different view of the graph.

Conclusion

In this scoping review, by reviewing the state-of-the-art
technologies in the last two decades, we found the potential
implementation of MECs, such as UAVs combined with IoT,
cloud sensor networks, and machine learning was well-suited for
integration into emergency services for disaster management. In
the future, DM education will be more likely to use blended
AI-modulated remote learning models, such as well-developed
HMD optical devices based on AI-enhanced real-world scenarios
(Figure 4). Moreover, for students to learn well using remote
technologies, there should be real-time individual feedback,
interactive curriculum review, and AI-assessed algorithms.
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